Abstract: In this paper, notion of p -norm generalized trapezoidal intuitionistic fuzzy numbers is introduced. A new ranking method is introduced for p -norm generalized trapezoidal intuitionistic fuzzy numbers. Also we consider linear programming problem in intuitionistic fuzzy environment. In this problem, all the coefficients and variables are represented by pnorm generalized trapezoidal intuitionistic fuzzy numbers. To overcome the limitations of the existing methods, a new method is proposed to compute the intuitionistic fuzzy optimal solution for intuitionistic fuzzy linear programming problem. An illustrative numerical example is solved to demonstrate the efficiency of the proposed approach.
Introduction
In fuzzy environment, ranking of fuzzy numbers play a vital role in decision making problems. In literature, numerous approaches for ranking fuzzy numbers have been extensively studied. Several authors [1, 2, 3, 4] studied different ranking methods to rank fuzzy numbers.Intuitionistic fuzzy sets (IFS) introduced by Atanassov [5, 6] is a generalization of the concept of fuzzy set theory. In IFS, degree of non membership (rejection) is defined simultaneously with degree of membership function (acceptance) such that sum of both values is less than one [7] . It is not always possible for the decision maker (DM) to determine membership and non membership function up his/her satisfaction as available information is not sufficient and precise. As a result, there remains an indeterministic part in which reluctance perseveres. Therefore, intuitionistic fuzzy set theory seems to be more reliable to deal with uncertainty and vagueness. In recent past, ranking intuitionistic fuzzy numbers draws the attention of several researchers. Nehi [8] ranked IFNs based on characteristic values of membership and non membership functions of IFN. Ranking of trapezoidal IFNs based on value and ambiguity indices were given by De, Das [9] and S. Rezvani [10] and many more approaches were successively developed.
The concept of decision making in fuzzy environment was introduced by Bellman and Zadeh [11] in 1970, which was further generalized to optimization in intuitionistic fuzzy environment by Angelov [7] in 1997. Linear programming is one of the essential techniques of operational research. In the past, various techniques and methodologies were introduced to solve linear programming problems in crisp as well as in fuzzy environment. Dubey and Mehra [12] solve linear programming problem in which the data is represented by triangular intuitionistic fuzzy numbers (TIFNs). Kumar .et.al [13] solved fully fuzzy linear programming problem in which the coefficients are represented by triangular fuzzy numbers (TFN). Two phase approach for solving linear programming in which the data is represented by generalized trapezoidal IFNs is given by Dinagar and Thiripurasundari [14] . Till now, many more approaches were subsequently developed to solve LPs in fuzzy as well as in intuitionistic fuzzy environment. In this paper, definition of p -norm generalized trapezoidal intuitionistic fuzzy number (GT RIF N ) p is introduced. A ranking index is defined based on the lexicographic ordering . Also, a new algorithm is proposed to compute the intuitionistic fuzzy optimal solution of linear programming problem in which all the parameters are represented by (GT RIF N ) p .
Rest of the paper is organized as follows. Section 2 briefly describes some basic definitions. Definition of (GT RIF N ) p ,arithmetic operations over (GT RIF N ) p and proposed ranking method are illustrated in section 3. Mathematical model of intuitionistic fuzzy linear programming problem and proposed algorithm for computing its intuitionistic fuzzy optimal solution is presented in section 4. A numerical example is illustrated in section 5 to show the efficiency of the proposed method. In section 6, limitations of the existing methods and significance of the proposed method is illustrated .
Preliminaries
In this section, some basic definitions related to intuitionistic fuzzy set theory are reviewed. (ii) normal, that is, there is some x 0 ǫ ℜ ∋ µ∼ a I (x 0 ) = 1,ν∼ a I (x 0 ) = 0.
(iii) convex for the membership function µ∼ a I (x) , that is,
(iv) concave for the non -membership function ν∼ a I (x), that is,
Definition 2.
3. An intuitionistic fuzzy number a 2 , a 3 , a 4 ; σ a ) > is said to be a generalized trapezoidal intuitionistic fuzzy number (GTRIFN) if its membership and non -membership function are respectively given by
and ω a , σ a represent the maximum degree of membership and minimum degree of non -membership respectively, satisfying 0
p -Norm generalized trapezoidal intuitionistic fuzzy number
In this section, notion of more generalized case of trapezoidal intuitionistic fuzzy number namely p -norm generalized trapezoidal intuitionistic fuzzy number (GT RIF N ) p is introduced.
Definitions
In the following, definition of p -norm generalized intuitionistic fuzzy number is introduced. a 2 , a 3 , a 4 ; σ a ) > p is said to be a p -norm generalized trapezoidal intuitionistic fuzzy number (GT RIF N ) p if its membership and non -membership function are respectively given by
and ω a , σ a represent the maximum degree of membership and minimum degree of non membership respectively, satisfying 0 ≤ ω a ≤ 1, 0 ≤ σ a ≤ 1, 0 ≤ ω a + σ a ≤ 1.Also, a 1 ≤ a 1 ≤ a 2 ≤ a 3 ≤ a 4 ≤ a 4 and p is a positive integer.
It can be easily observe that when p = 1, (GT RIF N ) p reduces to GTRIFN.
if and only if a 1 ≥ 0 and atleast one of the values a 1 , a 2 , a 3 , a 4 , a 4 is not equal to zero. 
Arithmetic Operations
In a similar way to the arithmetic operations of trapezoidal IFNs [9] and TIFNs [16] , the arithmetic operations over (GT RIF N ) p are defined as follows:
Ranking Approach
In the literature, there are various algorithms for ordering IFNs, but most of the existing algorithms involves complex numerical calculations. In order to avoid complexity of these algorithms, we proposed a new method to order
Firstly we define a new function ρ a involving both membership and non -membership function of
Here µ a (x) and ν a (x) are membership and non -membership function of
xǫℜ > is trapezoidal non -normal fuzzy number. Proof: Let xǫℜ be arbitrary. Then,
Therefore, ρ a (x) can be written as
Here, q(x) is continuous and monotonically increasing function and r(x) is continuous and monotonically decreasing function. Also range of ρ a (x) lies in [0, ω a ]. Therefore, ρ a =< (x, ρ a (x)) : xǫℜ > is trapezoidal non -normal fuzzy number.
In order to rank (GT RIF N ) p , firstly we define integral value corresponding to membership and non -membership function of (GT RIF N ) p .
For membership function
Integral value corresponding to membership function of 
For non -membership function
Integral value corresponding to non-membership function of 
We define total integral value of
Here note that integrals can be easily solved by Software Mathematica.
Now we employ Farhadinia lexicographic ordering technique [17] to order (GT RIF N ) p . a 2 , a 3 , a 4 ; ω a )(a 1 , a 2 , a 3 , a 4 ; σ a ) > p and 
Fully intuitionistic fuzzy linear programming problem (FIFLPP)
Mathematical model of FIFLPP with m constraints and n variables in which all the coefficients and variables of objective as well as of the constraints are represented by (GT RIF N ) p can be formulated as follows.
j ) > p is assumed to be non -negative normal p -norm trapezoidal IFN, i = 1, 2, ..., m, j = 1, 2, ..., n. In the following, we will introduce a new algorithm to find the intuitionistic fuzzy optimal solution of FIFLLP. The steps of the algorithm are as follows.
Step1: Solve M aximize 
be optimal solution of (1). Define I 1 = i = 1, 2, ..., m : (1) is intuitionistic fuzzy optimal solution of FIFLPP.Otherwise go to step 2
Step 2: Solve M aximize n j=1 C ρ cij xj subject to
If there does not exists any iǫI 4 ∪ I 6 , then optimal solution ( (2) is intuitionistic fuzzy optimal solution of FIFLPP. Otherwise go to step 3
Step 3: Solve M aximize n j=1 C ρ cij xj subject to
as well as equality constraints of (2).
Let (
be optimal solution of (3). Define I 7 = iǫI 3 : n j=1 C ρ aij x * * * j < C ρ bi ,
If there does not exists any iǫI 8 ∪ I 10 ∪ ∪I 12 , then optimal solution ( (3) is intuitionistic fuzzy optimal solution of FIFLPP. Otherwise go to step 4
Step 4: Solve M aximize n j=1 C ρ cij xj subject to
as well as equality constraints of (3).
Let (
) be optimal solution of (4). Define I 13 = iǫI 7 : n j=1 C ρ aij x * * * * j < C ρ bi ,
If there does not exists any iǫI 14 ∪I 16 ∪∪I 18 , then unique optimal solution (4) is intuitionistic fuzzy optimal solution of FIFLPP. Otherwise go to step 5
Step 5: M aximize
as well as equality constraints of (4).
This algorithm will terminate when C, L and M value of the constraints are satisfied as strict inequality.If any of these constraints is satisfied as equality, then it will continue till that constraint takes its integral value.Integral value of the constraint can be satisfied at equality.
Remark 4.2. If there exists a multiple solutions ,then intuitionistic fuzzy optimal solution can be evaluated as follows. Let ( 
Numerical Example

M aximize
Step 1: Solve M aximize 4x 2 + 3y 2 subject to x 2 + y 2 ≤ 7 2x 2 + 2y 2 ≤ 3
Optimal solution of (5.1) Since the second constraint is satisfied as equality, so we go to step 2.
Step 2: Solve M aximize 4x 2 + 3y 2 subject to x 2 + y 2 ≤ 7 2x 2 + 2y 2 = 3
Optimal solution of (5.2) is Since the third constraint is satisfied as equality, so we go to step 3.
Step 3: Solve M aximize 4x 2 + 3y 2 subject to x 2 + y 2 ≤ 7 2x 2 + 2y 2 = 3
Optimal solution of (5. Since the fourth constraint is satisfied as equality, so we go to step 4.
Step 4: Solve M aximize 4x 2 + 3y 2 subject to x 2 + y 2 ≤ 7 2x 2 + 2y 2 = 3
0.5x 1 + 2x 2 + 2.5x 3 + 1.5x 4 + 2.5x 4 + 0.5y 1 + 2y 2 + 2y 3 + y 4 + 0.5y 1 + 2.5y 4 ≤ 13.75
Optimal solution of (5.4) is 
Significance of the proposed method
In this section, advantages of proposed method over existing methods are discussed. Significance of the proposed method are explained as follows:
-In the literature, methods discussed in [12, 18, 19 ] cannot be used for solving linear programming problems (LPPs) in which the coefficients are represented by (GT RIF N ) P . These algorithms can be used only when the coefficients are represented by triangular IFNs. But, proposed approach can be used to solve the problems considered in [12, 18, 19] as well as when the coefficients are represented by (GT RIF N ) p .
-Method discussed in [12] can be applied only for those triangular IFNs -Algorithm in [18] is applicable only when all the elements in the coefficient matrix are non negative TIFNs, whereas the proposed method can be applied without any such restriction on the elements of coefficient matrix. Algorithm used in [12] cannot be used to solve example 6.1 as V µ (
. Optimal objective value obtained for λ = 0 is 21.09 and corresponding to λ = 1,optimal objective value is 5.93.Thus, optimal objective value for λ = 0 is strictly greater than optimal objective value for λ = 1,which is contrary to the algorithm.Also algorithm in [18] cannot be used to solve example 6.1, as division operation is defined only for positive TIFNs, and 1, 1; 0) is not positive TIFN.But proposed algorithm can be used to solve example 6.1, and the optimal solution obtained by our method is x = 3, y = 0. Thus, shortcomings of the past methods overcome in the proposed approach, so it is better to apply our proposed method to solve LPs in intuitionistic fuzzy environment.Proposed algorithm is quite simple and can be easily applied by the DM to solve real life LPs.
